Guided ion beam and theoretical study of the reactions of Au+ with H2, D2, and HD by Armentrout, Peter B. & Li, Fengxia
AlP The Journal of Chemical Physics 
Guided ion beam and theoretical study of the reactions of Au+ with H2, 02, 
and HO 
Fengxia Li , Christopher S. Hinton, Murat Citir, Fuyi Liu , and P. B. Armentrout 
Citation : J. Chem. Phys. 134,024310 (2011) ; doi : 10.1063/1 .3514899 
View online: http://dx.doi.org/10.1063/1 .3514899 
View Table of Contents: http://jcp.aip .org/resource/1/JCPSA6/v134/i2 
Published by the American Institute of Physics. 
Additional information on J. Chern. Phys. 
Journal Homepage: http://jcp.aip .org/ 
Journal Information: http://jcp.aip.org/about/abouCthejournal 
Top downloads: http://jcp .aip.org/features/most_downloaded 




Su m·t ow 




• Join the conversation! 
Rate & comment on articles 
Downloaded 06 Mar 2012 to 155.97.11.184. Redistribution subject to AlP license or copyright ; see htlp:lljcp.aip.org/abouUrights_and_permissions 
❚ ✁ ❏❖✂✄☎❆▲ ❖❋ ❈ ✁❍✆❈❆▲ P ✝✞✆❈✞ ✶✟✠✱ ✵✡☛☞✌✵ ✭✡✵✌✌✍









✫✬✮✦✯✲✳✴✬✢✮ ❙✸ ✹✦✣✲✳✣✩ ▼✺✮✧✲ ✫✦✲✦✮✩ ✜✺✉✦ ★✦✺✩
✻✪
✧✣✼ ✽✸ ❇✸ ✾✮♠✢✣✲✮✳✺✲
❝✪
✿❀❁❂❃❄❅❉❊ ■❁❑◆❉❅❂❁◗❅❘ ❯◗❃❱❁❉❄❃❅❊ ♦❲ ❯❅◆❀❘ ❳❨❩ ❬❭ ❨❪❫❫ ❴❭ ❵❂ ❞❫❞❫❘ ❬◆❣❅ ❥◆❦❁ ✿❃❅❊❘ ❯❅◆❀ ❧❪❨❨❞❘ ❯❬♥
♣qr✈r①③r④ ⑤⑥ ⑦r⑧⑨r⑩❶r❷ ⑤❸❹❸❺ ❻✈✈r⑧⑨r④ ⑤❹ ❼✈⑨❽❶r❷ ⑤❸❹❸❺ ⑧❾❶❿①➀➁r④ ❽➂❿①➂r ❹⑤ ➃❻➂❾❻❷➄ ⑤❸❹❹➅






➍ ❻➂④ ➋➎ ❻❷r r➏❻⑩①➂r④ ❾➀①➂➐
















Ð➋➅ ➝ ⑤➑❹➞ ➧ ❸➑❹❹ r➟➑ ➠❾❻➂⑨❾⑩ ✈➁r⑩①✈❻❿ ✈❻❿✈❾❿❻⑨①❽➂➀ ❻⑨ ⑨➁r ➡➞➢➤➥➦➋➨➩➦➫➇
➞❹❹➩➭♣➞⑧➅ ❻➂④ ➡➞➢➤➥➦➎r➆⑤➯➲➟➥➥ ❿r③r❿➀ ⑧r❷➆❽❷⑩r④ ➁r❷r ➀➁❽➈ ➐❽❽④ ❻➐❷rr⑩r➂⑨ ➈①⑨➁ ⑨➁r r➏⑧r❷①➇
⑩r➂⑨❻❿ ❶❽➂④ r➂r❷➐➄➑ ➯➁r❽❷➄ ❻❿➀❽ ⑧❷❽③①④r➀ ⑨➁r r❿r✈⑨❷❽➂①✈ ➀⑨❷❾✈⑨❾❷r➀ ❽➆ ⑨➁r➀r ➀⑧r✈①r➀ ❻➂④ ⑨➁r ❷r❻✈⑨①③r
⑧❽⑨r➂⑨①❻❿ r➂r❷➐➄ ➀❾❷➆❻✈r➀➑ ➨r ❻❿➀❽ ✈❽⑩⑧❻❷r ⑨➁①➀ ⑨➁①❷④➇❷❽➈ ⑨❷❻➂➀①⑨①❽➂ ⑩r⑨❻❿ ➀➄➀⑨r⑩ ➈①⑨➁ ⑧❷r③①❽❾➀ ❷r➇




➑ ➨r ↔➂④ ⑨➁❻⑨
➉❾
➊
➁❻➀ ❻ ➀⑨❷❽➂➐r❷ ➳
➊
Ð➋ ❶❽➂④➍ ➈➁①✈➁ ✈❻➂ ❶r r➏⑧❿❻①➂r④ ❶➄ ⑨➁r ❿❻➂⑨➁❻➂①④r ✈❽➂⑨❷❻✈⑨①❽➂ ❻➂④ ❷r❿❻➇























❷❽❾⑧ ❹❹ ⑩r⑨❻❿ ①❽➂➀
➍
❶❾⑨
①➂✈❿❾④r➀ ⑩❽❷r ➀⑨❻⑨①➀⑨①✈❻❿ ❶r➁❻③①❽❷ ⑨➁❻➂ ⑨➁r➀r ⑩r⑨❻❿➀ ❻➀
➈





























































❾➂✈⑨①❽➂❻❿ ✈❻❿✈❾❿❻⑨①❽➂➀ ❽➂ ➀❾✈➁ ➀➄➀⑨r⑩➀ ➀❾
➐➇
➐
























































①⑨➁ ❻ ➂❾⑩❶r❷ ❽
➆

























































































































































































































































































✈❽③❻❿r➂⑨ ❶❽➂④➀ ①➀ ❻➂ ①⑩⑧❽❷⑨❻➂⑨ ⑧❷❽
➇






























➁r ⑧r❷①❽④①✈ ⑨❷r➂④➀ ①➂ ⑨➁①➀ ✈➁r⑩
➇
























































































❾①④r④ ①❽➂ ❶r❻⑩ ⑩r⑨➁❽④➀ ❾➀r④ ①➂ ❽❾❷ ❿❻❶❽❷❻⑨❽❷➄
✈❻➂ r
➏






















































❻✈⑨①❽➂➀ ➁❻③r ❶rr➂ ➀➁❽
➈
















r ✈❽⑩⑧❻❷r ⑨➁r ❷r❻✈⑨①③
➇


































✵✵☛☞✌✍✎✵✎✏☛✵☞☞✏☞✑✒✓☛✔✏✵☛✒✑☞✵✏☞✵✏✕✑✵✖✵✵ ➞ ☛✵☞☞ ✗✘✙✚✐✛✜✢ ■✢♥✣✐✣✤✣✙ ✥✦ P✧★♥✐✛♥✶✩✪✱ ✵☛✒✑☞✵✌☞
Downloaded 06 Mar 2012 to 155.97.11.184. Redistribution subject to AIP license or copyright; see http://jcp.aip.org/about/rights_and_permissions
✵ ✁✂✄✵☎  ▲✐ ❡✆ ❛✝✞ ❏✳ ❈✟✠✡✳ P✟②s✳ ✶☛☞✱ ✵ ✁✂✄✵ ✭ ✵✄✄✌
❆✍✎✏✑✒✓ ✔✕✖✎✓✏✗✍✏ ✗✘✖✒✙✏ ✎♦ ✘✚✙✑ ✘✕✗✛✛ ✘✜✘✏✒✕✘ ✔✘ ✏✑✗✏
✏✑✒✜ ✗✓✒ ✗✕✒✍✗♠✛✒ ✏✎ ❞✒✏✗✔✛✒❞ ✏✑✒✎✓✒✏✔✙✗✛ ✙✗✛✙✚✛✗✏✔✎✍✘ ✏✑✗✏ ✙✗✍
♠✒ ✙✎✕✖✗✓✒❞ ✇✔✏✑ ✏✑✒ ✒①✖✒✓✔✕✒✍✏✗✛ ✓✒✘✚✛✏✘r ❍✒✓✒✢ ✏✑✒✎✓✒✏✔✙✗✛






✏✎ ✗✘✘✔✣✍ ✒✛✒✙✏✓✎✍✔✙ ✘✏✓✚✙✏✚✓✒✘ ✗✍❞ ✒①✖✛✎✓✒ ✏✑✒ ✖✎✏✒✍✏✔✗✛ ✒✍✒✓✣✜
✘✚✓♦✗✙✒✘ ✤✥✦✧✘★ ♦✎✓ ✓✒✗✙✏✔✎✍r ❚✑✒✘✒ ✗✓✒ ✙✎✕✖✗✓✒❞ ✏✎ ✖✓✒✈✔✎✚✘




■■✪ ❊✫✬❊✮■✯❊✲✴✸✹ ✸✲✼ ✴✽❊✾✮❊✴■✿✸✹ ❙❊✿✴■✾✲
✸✪ ■❀❁❂❃❄❅❇❀❂❉❂❋●❀
❚✑✒ ✣✚✔❞✒❞ ✔✎✍ ♠✒✗✕ ✏✗✍❞✒✕ ✕✗✘✘ ✘✖✒✙✏✓✎✕✒✏✒✓ ✎✍
✇✑✔✙✑ ✏✑✒✘✒ ✒①✖✒✓✔✕✒✍✏✘ ✇✒✓✒ ✖✒✓♦✎✓✕✒❞ ✑✗✘ ♠✒✒✍ ❞✒✘✙✓✔♠✒❞
✔✍ ❞✒✏✗✔✛ ✖✓✒✈✔✎✚✘✛✜r
✻❑
▼✓✔✒◆✜✢ ✓✒✗✙✏✗✍✏ ✔✎✍✘ ✗✓✒ ✣✒✍✒✓✗✏✒❞
✔✍ ✗ ❞✔✓✒✙✏ ✙✚✓✓✒✍✏ ❞✔✘✙✑✗✓✣✒ ◆✎✇ ✏✚♠✒ ✤❖◗❘❯❚★ ✘✎✚✓✙✒ ❞✒❱
✘✙✓✔♠✒❞ ♠✒✛✎✇r ❚✑✒ ✔✎✍✘ ✗✓✒ ✒①✏✓✗✙✏✒❞ ♦✓✎✕ ✏✑✒ ✘✎✚✓✙✒✢ ✗✙❱
✙✒✛✒✓✗✏✒❞✢ ✗✍❞ ♦✎✙✚✘✒❞ ✔✍✏✎ ✗ ✕✗✣✍✒✏✔✙ ✘✒✙✏✎✓ ✕✎✕✒✍✏✚✕
✗✍✗✛✜❲✒✓ ♦✎✓ ✕✗✘✘ ✘✒✛✒✙✏✔✎✍ ✎♦ ✏✑✒ ✖✓✔✕✗✓✜ ✓✒✗✙✏✗✍✏ ✔✎✍✘r
❳✗✘✘
❱
✘✒✛✒✙✏✒❞ ✔✎✍✘ ✗✓✒ ❞✒✙✒✛✒✓✗✏✒❞ ✏✎ ✗ ❞✒✘✔✓✒❞ ❦✔✍✒✏✔✙ ✒✍✒✓
✣
✜











♦✓✒❬✚✒✍✙✜ ✒✛✒✙✏✓✔✙ Þ✒✛❞✘ ✏✎ ✏✓✗✖ ✏✑✒ ✔✎✍✘ ✔✍ ✏✑✒ ✓✗❞✔✗✛ ❞✔
❱

















★ ✗✏ ✗ ✛✎
✇
✖✓✒✘✘✚✓✒ ✤✚✘✚✗✛✛✜ ❭ ❪
r
❫ ✕❚✎✓✓★ ✘✎ ✏✑✗✏ ✕✚✛✏✔✖✛✒ ✔✎✍❴✕✎✛✒✙✚✛✒
✙✎✛✛✔✘✔✎✍✘ ✗✓✒ ✔✕✖✓✎♠✗♠✛✒
r





✗✘ ✈✒✓✔Þ✒❞ ♠✜ ✖✓✒✘✘✚✓✒
❞✒✖✒✍❞✒✍✙✒ ✘✏✚❞✔✒✘
r
✥✓✎❞✚✙✏ ✗✍❞ ✚✍✓✒✗✙✏✒❞ ✖✓✔✕✗✓✜ ✔✎✍✘ ❞✓✔♦✏
✏✎ ✏✑✒ ✒✍❞ ✎♦ ✏✑✒ ✎✙✏✎✖✎✛✒
✇































❆♠✘✎✛✚✏✒ ✚✍✙✒✓✏✗✔✍✏✔✒✘ ✔✍ ✙✓✎✘✘ ✘✒✙✏✔✎✍ ✕✗
✣❱






✜ ❞✒✖✒✍❞✒✍✙✒ ✎♦ ✏✑✒ ✔✎✍✘ ✔✘ ✈✗✓✔✒❞ ✔✍
✏✑✒ ✛✗♠✎✓✗✏✎✓✜ ♦✓✗✕✒ ♠✜ ✘✙✗✍✍✔✍
✣
✏✑✒ ❞✙ ♠✔✗✘ ✎✍ ✏✑✒ ✎✙✏✎✖✎✛✒
✇
























































♠✓✎✗❞✒✍ ✏✑✒ ✙✓✎✘✘ ✘✒✙✏✔✎✍ ❞✗✏✗
③




















❞✔✘✏✓✔♠✚✏✔✎✍ ✎♦ ✏✑✒ ✔✎✍ ❦✔✍✒✏✔✙ ✒✍✒✓
✣












❚✑✒ ❞✔✘✏✓✔♠✚✏✔✎✍ ✎♦ ✔✎✍ ❦✔✍✒✏✔✙ ✒✍✒✓
❱
✣














✤✛✗♠★ ✔✍ ✏✑✒✘✒ ✘✏✚❞✔✒✘
r
❚✑✒











































❸❪❝ ❍✒ ✗✍❞ ⑥❪❝ ❆✓ ✖✗✘✘✒✘ ✗✏ ✗ ✏✎✏✗✛ ✖✓✒✘✘✚✓✒ ✎♦ ❪r❫❴❪r⑧
❚✎✓✓ ✗✍❞ ✗✕♠✔✒✍✏ ✏✒✕✖✒✓✗✏✚✓✒r ❚✑✒ ✙✗✏✑✎❞✒ ✔✍ ✏✑✔✘ ✇✎✓❦ ✔✘
✣✎✛❞❱✖✛✗✏✒❞ ✗✛✚✕✔✍✚✕ ✎✓ ✣✎✛❞ ♦✎✔✛ ✑✒✛❞ ✎✍ ✗✍ ✔✓✎✍ ✙✜✛✔✍❞✒✓r
❆✓
✰
✔✎✍✘ ✙✓✒✗✏✒❞ ✔✍ ✏✑✒ ❞✔✘✙✑✗✓✣✒ ✗✓✒ ✗✙✙✒✛✒✓✗✏✒❞ ✏✎✇✗✓❞ ✏✑✒
✕✒✏✗✛ ✙✗✏✑✎❞✒✢ ✏✑✒✓✒♠✜ ✘✖✚✏✏✒✓✔✍✣ ❆✚
✰
✔✎✍✘r ❚✑✒✘✒ ✔✎✍✘ ✗✓✒
✏✑✒✍ ✘✇✒✖✏ ❞✎✇✍ ✗ ⑥ ✕ ✛✎✍✣ ◆✎✇ ✏✚♠✒r ❚✑✒ ◆✎✇ ✙✎✍❞✔✏✔✎✍✘
✚✘✒❞ ✔✍ ✏✑✔✘ ✔✎✍ ✘✎✚✓✙✒ ✖✓✎✈✔❞✒ ✗♠✎✚✏ ⑥❪
✺
✏✑✒✓✕✗✛✔❲✔✍✣ ✙✎✛✛✔❱
✘✔✎✍✘ ♠✒✏✇✒✒✍ ✗✍ ✔✎✍ ✗✍❞ ❍✒ ✤❹⑥❪
❨
✙✎✛✛✔✘✔✎✍✘ ✇✔✏✑ ❆✓★ ♠✒♦✎✓✒
✏✑✒ ✔✎✍✘ ✒✍✏✒✓ ✏✑✒ ✣✚✔❞✒❞ ✔✎✍ ♠✒✗✕ ✗✖✖✗✓✗✏✚✘r ❆✘ ❞✔✘✙✚✘✘✒❞
✔✍ ✖✓✒✈✔✎✚✘ ✖✗✖✒✓✘✢
✷❑❩✷❨
✒①✙✔✏✒❞ ✘✏✗✏✒✘ ✎♦ ❆✚
✰
✗✓✒ ✎♠✘✒✓✈✒❞
✏✎ ✘✚✓✈✔✈✒ ✏✑✒✘✒ ◆✎✇ ✙✎✍❞✔✏✔✎✍✘✢ ✗✛✏✑✎✚✣✑ ✏✑✒ ✖✎✖✚✛✗✏✔✎✍ ✎♦
✏✑✒✘✒ ✘✏✗✏✒✘ ✈✗✓✔✒✘ ✗✖✖✓✒✙✔✗♠✛✜✢ ✘✚✣✣✒✘✏✔✍✣ ✏✑✗✏ ✘✕✗✛✛ ✗✕✎✚✍✏✘
✎♦ ✙✎✍✏✗✕✔✍✗✍✏ ✣✗✘✒✘ ✙✗✍ ✒♦♦✒✙✏✔✈✒✛✜ ❬✚✒✍✙✑ ✏✑✒✕r ◗✎✕✖✛✒✏✒
❬✚✒✍✙✑✔✍✣ ✎♦ ✗✛✛ ✒①✙✔✏✒❞ ✘✏✗✏✒✘ ✙✗✍ ♠✒ ✗✙✑✔✒✈✒❞ ♠✜ ✏✑✒ ✗❞❞✔✏✔✎✍
✎♦ ❺
✷
❻ ✗✘ ✗ ✙✎✎✛✔✍✣ ✣✗✘r
✷❑
✿✪ ✼❉❂❉ ❉❀❉❼❽❁❋❁
❚✑✒ ❦✔✍✒✏✔✙ ✒✍✒✓✣✜ ❞✒✖✒✍❞✒✍✙✒ ✎♦ ✖✓✎❞✚✙✏ ✙✓✎✘✘ ✘✒✙✏✔✎✍✘
✔✘ ✗✍✗✛✜
❲





✜ ✏✑✓✒✘✑✎✛❞ ♦✎✓ ✖✓✎❞
❱




❞✔♦♦✒✓✘ ♦✓✎✕ ✏✑✒ ✗✖✖✗✓✒✍✏ ✏✑✓✒✘✑✎✛❞
✎♠✘✒✓✈✒❞ ✚✍❞✒✓ ✛✗♠✎✓✗✏✎✓✜ ✙✎✍❞✔✏✔✎✍✘ ♠✒✙✗✚✘✒ ✎♦ ✏✑✒ ❦✔✍✒✏✔✙
✗✍❞ ✔✍✏✒✓✍✗✛ ✒✍✒✓
✣












































































































✖✛✔✙✔✏ ✘✚✕ ✎♦ ✙✎✍✏✓✔♠✚✏✔✎✍✘ ♦✓✎✕ ✓✎✈✔♠✓✗✏✔✎✍✗✛




































































✔✈✒ ✏✑✒ ♠✒✘✏ ✓✒✖✓✎
❱



































































✒ ✙✎✍✘✔❞✒✓✒❞ ✘✒✈✒✓✗✛ ✙✎✕
❱
♠✔✍✗✏✔✎✍✘ ✎♦ ✏✑✒✎✓✒✏✔✙✗✛ ✗✖✖✓✎✗✙✑✒✘ ✗✍❞ ♠✗✘✔✘ ✘✒✏✘ ✗✍❞ ✙✎✕
❱































♦✎✓ ✏✑✒ ✘✏✗✏✔✘✏✔✙✗✛ ✗✈✒✓✗
✣
✒ ✎♦ ✗✛✛
Downloaded 06 Mar 2012 to 155.97.11.184. Redistribution subject to AIP license or copyright; see http://jcp.aip.org/about/rights_and_permissions






✱ ✝☛❛ ❍✍ ❏✳ ❈✌✆✎✳ P✌②☞✳ ✶✏✑✱ ✵ ✁✂✄✵ ✭ ✵✄✄✒






✣✤✥ ❚❤❡ ✔✗✕✔✐✦✚✔✗✕ ❡✕✖
❡✘❣✧ ✗❢ ★✩✪ ■❊✣★✩✥ ❂ ✾✜✤✤✫✫✬ ❡✮✜
✼✯
✣✬✥ ❚❤❡ ✲ ❑ ✙✗✕❜ ❡✕❡✘❣✧
✗❢ ★✩✴✪ ✹
✺
✣★✩✻✴✥ ❂ ✤✜✤✽ ➧ ✲✜✤✤ ❡✮✜
✼✿❀
✼✼










✥ ❂ ✬✜✽✲ ➧ ✲✜✲✽ ❡✮✜
❅✢
✣✫✥ ★






✻❄✥ ❂ ✤✜❋✽ ➧ ✲✜✲● ❡✮✜
❅✸❀ ❅✢
❚❤❡✗✘❡✚✔▲✦❧ ✦✓✓✘✗✦▲❤❡s ▲✗✕✖
s✔❜❡✘❡❜ ✔✕▲❧✩❜❡❜ ✚❤❡ ▼✬◆❨❖ ❤✧✙✘✔❜ ❜❡✕s✔✚✧ ❢✩✕▲✚✔✗✕✦❧
♣❡✚❤✗❜✪
✼◗❀ ✼❙
✦✕❜ ✚❤❡ ❃❃❯❉✣❚✪❢✩❧❧✥ ✦✓✓✘✗✦▲❤✜ ❱✗✩✘ ✙✦s✔s s❡✚s
❢✗✘ ★✩ ❲❡✘❡ ▲✗✕s✔❜❡✘❡❜✪ ✦❧❧ ✗❢ ❲❤✔▲❤ ✘❡✚✦✔✕ ❋✾ ❡①✓❧✔▲✔✚ ❡❧❡▲✖
✚✘✗✕s✜ ✴❤✦✕❡ss✔✦✕ ❳❩ ❬❭✜
✯◗
❜❡s▲✘✔✙❡ ✦ ✙✦s✔s s❡✚ ✚❤✦✚ ✔s ✙✦s❡❜ ✗✕
✚❤❡ s♣✦❧❧ ▲✗✘❡ ✣❪✲ ❡❧❡▲✚✘✗✕✥ ✘❡❧✦✚✔✈✔s✚✔▲ ❡❢❢❡▲✚✔✈❡ ▲✗✘❡ ✓✗✚❡✕✖
✚✔✦❧ ✣❊❃❖✥ ✦✕❜ ✈✦❧❡✕▲❡ ✙✦s✔s s❡✚ ✗❢ ❄✦✧✻❫✦❜✚ ✣❄❫✥✪
◗✺
❡❴✩✔✈✖
✦❧❡✕✚ ✚✗ ✚❤❡ ◆✗s ★❧✦♣✗s ❊❃❖ ✣◆★❵◆✤❉❝✥ ✙✦s✔s s❡✚✜ ❫❤❡✘❡✦s
✚❤❡ ❄❫✻❊❃❖ ✔s ✗✓✚✔♣✔✐❡❜ ❢✗✘ ✕❡✩✚✘✦❧ ✦✚✗♣s✪ ✚❤❡ ✦❧✚❡✘❡❜ ✙✦s✔s
s❡✚ ✗❢ ✴❤✦✕❡ss✔✦✕ ❳❩ ❬❭✜ ✣❜❡s✔❣✕✦✚❡❜ ❤❡✘❡ ✦s ❄❫❞✥ ✦▲▲✗✩✕✚s
❢✗✘ ❜✔❢❢❡✘❡✕✚✔✦❧ ▲✗✕✚✘✦▲✚✔✗✕ ✗❢ ✚❤❡ ❥ ✗✘✙✔✚✦❧s ▲✗♣✓✦✘❡❜ ✚✗ ✚❤❡
❦ ✗✘✙✔✚✦❧s ✔✕❜✩▲❡❜ ✙✧ ✚❤❡ ✓✗s✔✚✔✈❡ ▲❤✦✘❣❡✜ ❫❡ ✦❧s✗ ▲✗✕s✔❜✖
❡✘❡❜ ✚❤❡ ❯✚✩✚✚❣✦✘✚✻❉✘❡s❜❡✕ ✘❡❧✦✚✔✈✔s✚✔▲ s♣✦❧❧ ▲✗✘❡ ❊❃❖ ✙✦s✔s
s❡✚ ✗❢ ❉✗❧❣ ❳❩ ❬❭✜
◗♠




































































































































































































s❡ ✚❤✔s ✙✦s✔s s❡✚ ✗✕ ✦❧❧ ❡❧❡♣❡✕✚s✜ ❚❤❡
▲
✗♣✖






























































































































































































































































































































































s✔s s❡✚s✪ ✦❧✗✕❣ ❲✔✚❤ ⑦❃■❯❉✣❚✥ ✦✕❜ ❃❃❯❉✣❚✪❢✩❧❧✥ ▲✦❧▲✩❧✦✚✔✗✕s✜
❯✩▲❤ ▲✦❧▲✩❧✦✚✔✗✕s ❲✔❧❧ ✙❡ ❡①✓❧✔▲✔✚❧✧ ✕✗✚❡❜✪ ✙✩✚ ✩✕❧❡ss ✗✚❤❡✘✖
❲✔s❡ ❜❡s✔❣✕✦✚❡❜✪ ✗✩✘ ✘❡s✩❧✚s ❲✔❧❧ ✘❡❢❡✘ ✚✗ ✦ ▼✬◆❨❖⑥❄❫❞⑥❪✖




✓❧❡ ✙✗✕❜s ✚✗ ★✩
❇
✦✘❡ ❢✗✘♣❡❜✪ ✚❤✔s ❧❡✈❡❧ ✗❢ ✚❤❡✗✘✧ ✔s ✚❤❡ ✗✕❧✧
✗✕❡ ✦✓✓❧✔❡❜✜




❯ s✚✦✚❡✜ ❊①▲✔✚✦✚✔✗✕ ❡✕❡✘❣✔❡s ✚✗ ✚❤❡ ❧✗❲❡s✚ ❧✧✔✕❣ ✚✘✔✓❧❡✚ s✚✦✚❡✪
✸
❉✪ ✦✘❡ ▲✦❧▲✩❧✦✚❡❜ ✚✗ ✙❡ ✤✜✬❪❋ ❡✮ ✣▼✬◆❨❖⑥❄❫❞✥✪ ✤✜✤✽❋ ❡✮
✣▼✬◆❨❖⑥❉❡❢✤❚❝✮❖❖✥✪ ✤✜❁✽✬ ❡✮ ✣❃❃❯❉✣❚✪❢✩❧❧✥⑥❄❫❞✥✪ ✦✕❜
✤✜❁❋❋ ❡✮ ✣❃❃❯❉✣❚✪❢✩❧❧✥⑥❉❡❢✤❚❝✮❖❖✪ s❤✗❲✔✕❣ ✚❤✦✚ ✚❤❡
✦✚✗♣✔▲ ❡①▲✔✚✦✚✔✗✕s ✦✘❡ ✕✗✚ s✚✘✗✕❣❧✧ ❜❡✓❡✕❜❡✕✚ ✗✕ ✚❤❡ ▲❤✗✔▲❡s
♣✦❜❡✜ ❚❤❡s❡ ▲✦❧▲✩❧✦✚❡❜ ✚✘✔✓❧❡✚ ❡①▲✔✚✦✚✔✗✕ ❡✕❡✘❣✔❡s ▲✦✕ ✙❡ ❢✦✖
✈✗✘✦✙❧✧ ▲✗♣✓✦✘❡❜ ✚✗ ✚❤❡ ❡①✓❡✘✔♣❡✕✚✦❧ ✈✦❧✩❡ ✗❢ ✤✜✤●● ❡✮ ✣s✚✦✖
✚✔s✚✔▲✦❧❧✧ ❲❡✔❣❤✚❡❜ ♣❡✦✕ ✗❢ ✦❧❧ s✓✔✕✖✗✘✙✔✚ ❧❡✈❡❧s✥✜
✼✢
⑩⑩⑩❶ ❷❸❹❷❺⑩❻❷❼❽❾❿ ❺❷➀➁❿❽➀












































































































































































































































































➦➞ ➦ ➥➩➤➠➡➢➝➤ ➝➥













➦➘➪➟ ➣ ➢➞ ➞➵➝➳➤
➦➞ ➦ ➹➦➞➵➟➹ ➪➢➤➟↕
➷
➵➟ ➞➝➪➢➹ ➪➢➤➟ ➞➵➝➳➞ ➡➵➢➞ ➚➝➹➟➪ ➠➝➤✃➝➪➩➡➟➹ ➝✃➟➜ ➡➵➟ ➻➢➤➟➡➢➠















Downloaded 06 Mar 2012 to 155.97.11.184. Redistribution subject to AIP license or copyright; see http://jcp.aip.org/about/rights_and_permissions
✵ ✁✂✄✵☎✁ ▲✐ ❡✆ ❛✝✞ ❏✳ ❈✟✠✡✳ P✟②s✳ ✶☛☞✱ ✵ ✁✂✄✵ ✭ ✵✄✄✌






✚✔ ✚ ❢✉✙✖✗✘✓✙ ✓❢



























































✽ ❂ ✾✿❀❀❁ ❃❄✿
❅
✼





























































































































































































































































































































































































































































































































































❙✢ ✇✘✗✣ ➊❉ ✚✔ ✚ ❢✉✙✖✗✘✓✙ ✓❢
❦✘✙✕✗✘✖ ✕✙✕✒❣✥ ✘✙ ✗✣✕ ✖✕✙✗✕✒✲✓❢✲✦✚✔✔ ❢✒✚✦✕ ✛✧✓✇✕✒ ✚★✘✔✢ ✚✙♥ ✧✚❧✓✒✚✗✓✒✥ ❢✒✚✦✕
✛✉✩✩✕✒ ✚
★






































































































































































































































































































































































































































































































































































































































































































































































































Downloaded 06 Mar 2012 to 155.97.11.184. Redistribution subject to AIP license or copyright; see http://jcp.aip.org/about/rights_and_permissions






✱ ✞☞❛ ❍✎ ❏✳ ❈✍✝✏✳ P✍②✌✳ ✶✑✒✱ ✵ ✁✂✄✵ ✭ ✵✄✄✓




















❀✕✼ ➧ ✼✕✾ ✪✕✻ ➧ ✼✕✤ ✤✕✺✻ ➧ ✼✕✼❁ ✤✕✼❁ ➧ ✼✕✼❁
❂
❃
❱❄❧❅❋ ❝●❑❑❋❝▼❋◆ ❖●❑ ▼t❋ ③❋❑● ♣●◗❙▼ ❋❙❋❑❣❯ ◆◗❖❖❋❑❋❙❝❋ ●❖ ❲❳❲❨❩ ❋❱❳ ❬❋❋ ▼❋①▼❳
❭❪❫❴❵ ❞❥❵ ❭❦s✈❦④❫❞❵⑤ ⑥❦⑦⑧ ❦⑥ ⑨⑩❶ ❷❸❹ ❺s❭④❫⑤❵❴ ❪④④ ❴❦❫⑦❭❵❴
❦⑥ ❵s❵⑦❻❼ ❷⑦❦❞❪❞❺❦s❪④❽ ✈❺❿⑦❪❞❺❦s❪④❽ ❞⑦❪s❴④❪❞❺❦s❪④❽ ❪s⑤ ❵④❵❭❞⑦❦s❺❭
❵s❵⑦❻❼ ⑤❺❴❞⑦❺❿❫❞❺❦s❴ ❦⑥ ⑦❵❪❭❞❪s❞❴ ❪⑦❵ ❵➀➁④❺❭❺❞④❼ ❺s❭④❫⑤❵⑤ ❺s ❞❥❵
⑧❦⑤❵④❺s❻❹❽ ❞❥❵ ➂
❲
❞❥⑦❵❴❥❦④⑤ ❵s❵⑦❻❺❵❴ ⑤❵❞❵⑦⑧❺s❵⑤ ❭❦⑦⑦❵❴➁❦s⑤
❞❦ ➃ ➄ ✈❪④❫❵❴❶ ➅⑦❦⑧ ❞❥❵ ❞❥⑦❵❴❥❦④⑤❴ ⑧❵❪❴❫⑦❵⑤❽ ❞❥❵ ➆➇⑨❴ ⑥❦⑦
❞❥❵ ⑧❵❞❪④➈④❺❻❪s⑤ ❭❪❞❺❦s❴ ❦❿❴❵⑦✈❵⑤ ❺s ⑦❵❪❭❞❺❦s ❷➉❹ ❭❪s ❿❵ ❭❪④❭❫➈
④❪❞❵⑤ ❫❴❺s❻ ⑨⑩❶





































❪s ❪❴❴❫⑧➁❞❺❦s ❞❥❪❞ ❺❴ ❦⑥➈
❞❵s ❞⑦❫❵ ⑥❦⑦ ❺❦s➈⑧❦④❵❭❫④❵ ⑦❵❪❭❞❺❦s❴
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❺❴ ❞➒❦ ❴❞❪s⑤❪⑦⑤ ⑤❵✈❺❪❞❺❦s❴ ❦⑥ ❞❥❵ ⑧❵❪s❶
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➟❞ ❭❪s ❪④❴❦ ❿❵ s❦❞❵⑤ ❞❥❪❞ ➌❫➏
➍
❿❦s⑤ ❵s❵⑦❻❺❵❴ ➒❵⑦❵ ⑤❵➈









➒❥❵⑦❵ ✈❪④❫❵❴ ❦⑥ ➉❶➸➔ ➺ ➃❶➃➣ ❪s⑤ ➉❶➣➸ ➺ ➃❶➃➣ ❵↔❽
⑦❵❴➁❵❭❞❺✈❵④❼❽ ➒❵⑦❵ ❦❿❞❪❺s❵⑤ ❷❪⑥❞❵⑦ ➡❵⑦❦ ➁❦❺s❞ ❵s❵⑦❻❼ ❭❦⑦➈
⑦❵❭❞❺❦s ❺s ❞❥❵ ④❪❞❞❵⑦ ❭❪❴❵❹❶ ➟s ❞❥❵❴❵ ❴❼❴❞❵⑧❴❽ ❞❥❵ ⑤❦⑧❺s❪s❞










❹❽ ❴❫❭❥ ❞❥❪❞ ❭❦⑧➁❵❞❺❞❺❦s ➒❺❞❥ ❞❥❺❴ ❭❥❪s➈








❹❶ ➜❥❵⑦❵⑥❦⑦❵❽ ❞❥❵❴❵ ❿❦s⑤ ❵s❵⑦❻❺❵❴ ❪⑦❵ ❭❦s❴❵⑦✈❪❞❺✈❵④❼











❻⑦❦❫s⑤ ❴❞❪❞❵ ➒❺❞❥ ❪ ❭❦✈❪④❵s❞ ❿❦s⑤





➳❹ ❪s⑤ ❞❥❵ ➉✝ ❦⑦❿❺❞❪④ ❦s ➏❶
➯➲
➅❦⑦⑧❪❞❺❦s ❦⑥ ❞❥❺❴ ❿❦s⑤
























❫⑦❪❞❺❦s ❺s❞❵⑦❪❭❞❺❦s ❭❪④❭❫④❪❞❺❦s❴ ➁⑦❦➈
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❤✓✗✙
✴
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✛✖✜✓✖✗ ✏✛ ✑✖ ✓✖✚✎❧✏✎✜ ✚
✫




























t③④⑤ ⑥⑤ ⑦⑧⑨❶❷❸❹❺❻❸❼❽⑧❾❾❻④❿⑧➀➁ ➂➃➄➂➅➄➃➆➇➈➉➊ ➈➋ ➆➌➍ ➀➈➆➍➉➆➇➃➄ ➍➉➍➎➏➐ ➊➅➎❽




























































































































♣ ✎❁ ✑❜✛✈✎ ✏✔✎ ✓✖✚✎❧✏✎✜ ♠✓✖✓♠♦♠
✛✖✢✎ ✮✎❧✛
✫
















♠✛✒✎✢♦✒✎ ✢✑✖ ❜✎ ❧✛✏✑✏✎✜ ✓✖ ✏✔✎
✫
✒✑✖✎ ✛❢ ✏✔✎ ♠✛✒✎✢♦✒✎✙ ❚✔✓✚ ✗❧✑✜♦✑✒✒❣ ✓✖✢❧✎✑✚✎✚ ✏✔✎ ✎✖✎❧✗❣

















































































































































































































































































































































































































































































































































































çèÔ ãÔÓÕÒ çÕçè×ÓçÖ âÑÕÖÏ❮❰ç
õ
äå
Downloaded 06 Mar 2012 to 155.97.11.184. Redistribution subject to AIP license or copyright; see http://jcp.aip.org/about/rights_and_permissions






✱ ✞☞❛ ❍✎ ❏✳ ❈✍✝✏✳ P✍②✌✳ ✶✑✒✱ ✵ ✁✂✄✵ ✭ ✵✄✄✓



















































✕✜s ✜ ✼✤✔✐ ✖✔✖r✺✯ r✖✙✜t✗✈✖ t✤ t✕✖
r✖✜✢t✜✔t ✜s✯✲✘t✤t✖ ✤✛ ❁✿❂❃ ✖❱✣ ❀✕✖r✖✜s t✕✖ ✤t✕✖r ✛✤✚r st✜t✖s
























Ð✩ ✼✤✔✐ ✙✖✔✺t✕s✣ ✼✖t❀✖✖✔ ❃✿❄❊





✜✔✐ s✕✤rt ✩Ð✩ ✐✗st✜✔✢✖s ✤✛ ❁✿❊✻Ð❁✿❊❅ ⑩ ✧❚✜✼✙✖ ■■■★✿ ◆✤t✜✼✙✯✣




st✜t✖✣ t✕✖s✖ s✘✖✢✗✖s ✕✜✈✖ ✗✲✜✺✗✔✜r✯ ✛r✖❑✚✖✔✹
✢✗✖s ✗✔ t✕✖ ✜s✯✲✲✖tr✗✢ str✖t✢✕ ✧✤r ✖❑✚✗✈✜✙✖✔t✙✯✣ r✤t✜t✗✤✔ ✤✛ ✩
✪
★✣
s✚✢✕ t✕✜t t✕✖✯ ❀✗✙✙ ✜✙✙ ✢✤✙✙✜✘s✖ t✤ ✤t✕✖r ✺✖✤✲✖tr✗✖s✿ ❚✕✗s ✢✤✔✹





❀✕✖r✖ r✤t✜t✗✤✔ ✤✛ t✕✖ ✩
✪







✣ ✼✚t ✜✔ ✖✔✖r✺✯ ✗✔✢✙✚✐✗✔✺ ③✖r✤ ✘✤✗✔t ✢✤rr✖✢✹
t✗✤✔s t✕✜t ✗s t✕✖ s✜✲✖ ✜s t✕✖ ✫
✬✮
tr✜✔s✗t✗✤✔ st✜t✖✿ ◗✚rt✕✖r r✤t✜✹






st✜t✖ ✼✤✚✔✐ ✼✯ ❁✿❂❁ ✖❱
r✖✙✜t✗
✈
✖ t✤ t✕✖ r✖✜✢t✜✔t ✜s
✯✲































































r✤t✜t✗✤✔ ✗✔ ✤✔✖ ✘✙✜✔✖✿
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✤r✜✼✙✖ ✛✤r t✕✖ tr✗✘✙✖t





















































































✖s ❀✖r✖ ✜✙s✤ ✙✤✢✜t✖
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✧❚✜✼✙✖ ■■■★✿ ❖✛ t✕✖s✖✣ t✕✖ ✤✔✖ ✕✜
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✿ ❚✕✖ ✖✙✖✢tr✤✔✗✢ ✢✤✔
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✤✙✖✢✚✙✜r ✤r✼✗t✜✙ ✗s ✜
❜
✪
✤r✼✗t✜✙ t✕✜t ✗s ✙✜r✺✖✙
✯ ❂♣①
✿







































































































❑✚✖✔✢✗✖s s✚✢✕ t✕✜t t✕✖
✯











r✖str✗✢t✗✤✔✣ t✕✖ ❴❵❬s ✗✔
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✗✔t✖r✲✖✐✗✜t✖s ❀✗t✕ ✔✤ ✼✜rr✗✖rs ✗✔ ✖①✢✖ss ✤✛ t✕✖







✢✜✔ ✗✔t✖r✜✢t ❀✗t✕ ✩✧
✪
❬★ t✤ ✛✤r✲ ✼✤t✕ ✜ ✙✤❀✹




✥✙✤✔✺ t✕✖ s✗✔✺✙✖t s✚r✛✜✢✖✣ ✢✤✈✜✙✖✔t ✢✤✚✘✙✗✔✺ ✤✛ t✕✖ ✔✤✔✼✤✔✐✹






★ ❀✗t✕ ✩ ✧❄s★ ✤✢✢✚rs s✚✢✕ t✕✜t
t✕✖ s✚r✛✜✢✖ s✕✤✚✙✐ ✼✖ str✤✔✺✙✯ ✜ttr✜✢t✗✈✖✣ ❀✕✖r✖✜s ✔✤ ✢✤✈✜✹
✙✖✔t ✼✤✔✐ ✛✤r✲✜t✗✤✔ ✗s ✗✔✈✤✙✈✖✐ ✗✔ ✛✤r✲✜t✗✤✔ ✤✛ t✕✖ ✕✗✺✕✹s✘✗✔
st✜t✖✿ ❚✤ ✈✖r✗✛✯ t✕✗s ✕✯✘✤t✕✖s✗s✣ ❀✖ ✘✖r✛✤r✲✖✐ ✜ r✖✙✜①✖✐ ❴❵❬








★ s✘✖✢✗✖s ✜✔✐ s✯st✖✲✜t✗✢✜✙✙✯ ✙✖✔✺t✕✖✔✗✔✺ t✕✖ ✩Ð✩
✼✤✔✐✿ ✥s t✕✗s ✼✤✔✐ ✙✖✔✺t✕ ✗✔✢r✖✜s✖s✣ t✕✖ ✼✤✔✐ ✜✔✺✙✖✣ ❀✕✗✢✕
st✜rts ✜t ❃❊✿❋
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★ ❢ ✩ ✧
✪
❬★ ✘r✤✐✚✢ts ❀✗t✕ ✔✤ ✼✜rr✗✖rs ✗✔
✖①✢✖ss ✤✛ t✕✖ ✖✔✐✤t✕✖r✲✗✢✗t✯✿ ❤✗♠✖❀✗s✖✣ ✛r✤✲ ✖✗t✕✖r t✕✖ s✗✔✺✙✖t
✤r tr✗✘✙✖t ✙✗✔✖✜r ✥✚✩✩
✦
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